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The freshwater angelfish (Pterophyllum scalare) with its many varieties is one 
of the most popular species in the ornamental market. The moribund freshwater 
angelfish individuals (20-25 g in weight) were sampled from an ornamental fish 
production facility to determine the cause of mortalities started immediately in 
fish without any other visible finding except the loss of appetite. The mortality 
rate in the population was as high as 50% within a week. Bacteriological 
samples were taken from internal organs for the identification of the causative 
agent. Hemorrhage in the eyes, loss of scales and skin depigmentation were 
the most obvious external finding in the moribund fish. Internally; the liver was 
pale, the spleen was enlarged and the intestinal walls were thinned. According 
to conventional biochemical and physiological tests and 16S rRNA gene 
sequencing, all isolated bacteria were identified as Edwardsiella tarda. The 
antimicrobial susceptibility test performed using the disk diffusion test showed 
that the E. tarda strains we obtained were sensitive to enrofloxacin, 
sulfamethoxazole with trimethoprim, furazolidone and flumequine but resistant 
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Introduction 
Historical records on ornamental fish trade reveal that it has a history dating back to 
ancient times. However, in today’s world this trade has become a giant industry with 
millions of enthusiasts around the world. In ornamental fish trade, marine species are often 
obtained from wild sources, while freshwater species are produced through aquaculture 
(Tlusty, 2002). Although detailed statistical studies are not up-to-date and sufficient, 
according to some calculations, approximately 2 billion live fish are traded worldwide every 
year. It is stated that the ornamental fish trade, which covers more than a hundred 
countries, has a trade volume of approximately 15 to 30 billion dollars. While Asian 
countries led by Singapore are the most important exporters; USA, European Union and 
Japan are among the biggest importers of the ornamental fish trade (Ladisa et al., 2017; 
Evers et al., 2019). Moreover, it is observed that a large part of the trade consists of 
freshwater species obtained through aquaculture, and majority of them is carried out on 
about 30 species including the freshwater angelfish (Pterophyllum scalare) (Dey, 2016).
 Both marine and freshwater ornamental fish production requires the maintenance of 
hundreds of different species that have different needs biologically, nutritionally and 
environmentally. In addition, the confined aquarium / tank environment, where more than 
one fish species is kept together frequently, is a very favorable environment for the spread 
of diseases. Fish populations kept in such an environment can easily get diseases due to 
deviations in optimal conditions necessary to maintain their health, and infections can 
spread quickly and easily among individuals thanks to the nature of the environment 
(Noga, 2010). 
 The freshwater angelfish (Pterophyllum scalare), belonging to the family Cichlidae, is a 
species native to the Amazon basin in Peru, Colombia and Brazil (Ortega and Vari, 1986; 
Kullander, 2003). With its many varieties in the ornamental market, it is one of the most 
popular species among tropical aquarium fish due to its special shape, color and behavior. 
Although so many parasitic, viral, fungal and bacterial agents that cause disease in 
ornamental fish have been identified so far, the number of reports of disease outbreaks 
seen in the freshwater angelfish is very limited. 
 Currently, very few fish pathogens have been identified as zoonotic. Species other than 
E. tarda within the genus Edwardsiella, classified in the Hafniaceae family, are predicted 
to have low zoonotic potential, either because they are highly species-specific in fish (E. 
ictaluri - channel catfish) or have never been reported to cause infection in humans (E. 
hoshinae). In contrast, E. tarda is likely to have a much higher zoonotic potential due to 
both its very wide geographic distribution and the wide variety of species it causes infection 
(Leung et al., 2012). 
 In humans, infections caused by Edwardsiellosis occur mostly in the form of 
gastroenteritis. Although it can be predicted that the gastrointestinal route will have a 
relatively low effect on zoonotic infections originating from ornamental fish, it has been 
reported that E. tarda also causes various infections other than this route such as soft 
tissue infections, septicaemia, meningitis, peritonitis, osteomyelitis, endocarditis and 
abscesses (Wang et al., 2005). However, information on the pathogenesis of E. tarda in 
mammals including humans, is very limited. 
   The aim of this study was to identify the causative agent responsible for an outbreak 
in the freshwater angelfish Pterophyllum scalare that occurred in an ornamental fish 
production facility. 
 
Materials and Methods 
Case history 
The moribund freshwater angelfish (Pterophyllum scalare) individuals (n=4, 20-25 g in 
weight) were sampled from a small-scaled ornamental fish production facility located in 
Istanbul to determine the cause of mortalities in the angelfish population. According to the 
data provided by the facility, the fish were fed two times per day with a commercial diet 
(name not given) and were kept under the following water parameters: temperature 28 ± 
2°C, pH 7.5 and water hardness 8°dH, with a weekly 10% water changes and the mortality 
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rate in the freshwater angelfish population within a week was 50% according to the 
information given. 
Collection of samples and isolation of the causative agent 
Internal organs, gills, body cavity and fins were examined for parasites using standard 
parasitological examination methods and then, bacteriological samples were taken from 
internal organs (liver, spleen, kidney tissues) and streaked onto Tryptic Soy Agar (TSA) 
(Merck) using aseptic techniques and the agar plates were incubated at 22°C for 48-72 h. 
To get pure cultures, single colonies on the primary plates were selected and re-streaked 
onto the same media and incubated in same conditions (Whitman, 2004). 
Characterization of the bacterial isolates 
The morphological and physiological characteristics of the pure bacterial isolates were 
determined using conventional biochemical and physiological tests including colony and 
cell morphology, Gram staining, oxidase activity, catalase, motility, oxidation/fermentation 
(O/F) reaction, nitrate reduction, methyl red, Voges-Proskauer reaction, Triple Sugar Iron 
test, degradation of urea and citrate utilization (Whitman, 2004). 
DNA extraction and 16S rRNA gene amplification 
The isolates on the agar plates were inoculated into Tryptic Soy Broth (TSB) (Merck) 
and incubated overnight at 22°C, then total DNA was extracted using the PureLink Genomic 
DNA Mini Kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions. 
For the identification, a 540-bp-long fragment of the 16S rRNA gene was amplified and 
sequenced using the universal bacteria primer set: primer S-D-Bact-0008-a-S-20 and 
primer S-*-Univ-0536-a-A-18 (Suau et al., 1999). 
The PCR mixture included approximately 50 ng template DNA, 0.4 mM of each primer, 
PCR Master Mix (2X) (Thermo Scientific) and nuclease- free water (Thermo Scientific). The 
amplification protocol was done using a thermal cycler (Biometra, TAdvanced) with the 
following parameters: initial denaturation at 95°C for 3 min, followed by 30 cycles of 
amplification (denaturation at 95°C for 30 s, annealing at 56°C for 1 min, extension at 
72°C for 1 min) and a final extension step of 72°C for 4 min. After amplification, PCR 
products were loaded on a 1.5% (w/v) agarose gel in TAE containing ethidium bromide 
(0.5 µg/ml) and electrophoresis was performed (for 60 min at 90 V). After visualizing and 
on a UV transilluminator and size estimation against GeneRuler 100 bp DNA Ladder 
(Thermo Scientific), PCR products were purified and sequenced in bidirectional. Sequence 
editing and analysis was performed in Bioedit v7.0.0 (Hall, 1999) using the ClustalX 2.1 
(Larkin et al., 2007) and BLASTN 2.2.20 algorithm (Zhang et al., 2000). Similarity criterion 
in 16S rRNA gene sequence was used as ≥99% for identification of the isolates at the 
species level (Clarridge, 2004). All sequences were deposited in GenBank database. 
Antimicrobial susceptibility testing 
All isolates were tested for antimicrobial susceptibility by the disc diffusion method on 
Mueller-Hinton agar using commercial disks (Oxoid). The antimicrobial agents tested were 
as follows: ampicillin, sulfamethoxazole with trimethoprim, tetracycline, flumequine, 
enrofloxacin and furazolidone. The test and interpretation of the results were carried out 
in accordance with the procedure by Clinical and Laboratory Standards Institute (CLSI) and 
the isolates were classified as sensitive or resistant on the basis of the diameters of zones 




The mortalities in the fish stock started immediately after the loss of appetite in fish without 
any other visible findings before, according to the information given from the production 
facility. As external findings in the examined fish, hemorrhage in the eyes and mild loss of 
scales and skin depigmentation were observed (Figure 1a, 1b, 1c, 1d). Internally; pale 
liver, enlarged and dark colored spleen were observed and the intestinal walls were thinned 
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The bacterial isolates were obtained from the kidney and the spleen tissues of diseased 
angelfish. All isolates were observed as Gram-negative, facultative anaerobic, motile rods 
and while cytochrome oxidase, methyl red, indole, nitrate reduction and catalase test were 
positive, Voges-Proskauer reaction, urea and citrate utilization were negative. Additionally, 
the isolates were arginine dihydrolase negative but lysine and ornithine decarboxylase 
positive and used only glucose among the carbohydrates tested (Table 1). 
When the morphological and biochemical properties and 16S rRNA gene sequencing 
results were evaluated together, all isolated bacteria were identified as Edwardsiella tarda 
(GenBank accession numbers: MT860269- MT860272). 
 
 
Antimicrobial susceptibility test results 
According to the results of the disk diffusion test, it was determined that the isolates 
were sensitive to enrofloxacin, sulfamethoxazole with trimethoprim, furazolidone and 







             a               b 
  
              c              d 
  
 
Figure 1 Clinical findings of the affected fish. Hemorrhage in the eyes (a, b, c, d) and loss of 
scales (c, d) and enlarged spleen (c, d) were common. 
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Gram staining - 
Catalase + 
Cytochrome oxidase - 
O/F F 
Indole + 
Voges Proskauer reaction - 
Methyl red + 
Nitrate reduction + 
Arginine dihydrolase - 
Lysine decarboxylase + 
Ornithine decarboxylase + 
Gelatin - 
Citrate - 
Degradation of urea - 
ONPG - 
Tryptophan deaminase - 
H2S production + 










-: negative, +: positive, F: fermentative, O/F: Oxidative/Fermentative test 
  
Discussion 
Since it was first described by Meyer and Bullock (1973) in the channel catfish species, 
Edwardsiella tarda has been isolated from many commercially-produced fish species that 
appear to be both healthy and diseased (Austin and Austin, 2012; Park et al., 2012), from 
sediment (Acharya et al., 2007), from non-fish species including invertebrates, 
amphibians, reptiles, birds and from many mammalian groups including humans (Park et 
al., 2012). 
Although Edwardsiellosis causes the most damage in the food-fish species such as 
channel catfish, tilapia, carp and olive flounder, it rarely causes disease outbreaks with 
heavy losses in ornamental fish (Lewbart, 2001). It is known that Edwardsiellosis may have 
very different pathogenesis in different fish species (Mohanty and Sahoo, 2007). Since the 
fish species in this study was different from those reported in the scientific literature and 
since the disease caused severe losses just a few days after the loss of appetite observed 
in fish; while some of the findings in this study coincided with the available data, many 
others were not observed in the diseased fish. In accordance with the reports of other 
researchers, the most obvious external finding in fish in this study was the loss of 
pigmentation on the skin of the fish (Kaige et al., 1986; Evans et al., 2011). However, 
ulcers (Nucci et al., 2002) or any odorous/odorless abscesses (Meyer and Bullock, 1973) 
were not observed on the skin, tail area or body surface. Consistent with some other 
reports, hemorrhage in the eyes (Padrós et al., 2006; Austin and Austin, 2012), the most 
reported finding of the infection, was common in all fish in this study as well. While 
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pathological findings such as pale liver and enlarged spleen, which were also observed in 
other reports (Nucci et al., 2002; Padrós et al., 2006) were seen in this study; white 
nodules in visceral organs (Kaige et al., 1986) were not observed. In addition, abscess or 
bleeding in the muscles (Thune et al., 1993; Ling et al., 2001), also mentioned in many 
reports, were not seen in the diseased fish in our study. 
The multi-antimicrobial resistance in the pathogenic Edwardsiella tarda strains has been 
well-documented so far (Sun et al., 2009). The strains obtained in this study were found 
to be resistant to ampicillin and tetracycline among the tested antibiotics, and this result 
is also compatible with other studies on E. tarda strains. In a previous study involving also 
the other species in the Edwardsiella genus (E. tarda, E. ictaluri, and E. hoshinae), all 
species were found to be naturally resistant to tetracycline (Stock and Wiedemann, 2001). 
In another study with diseased turbot fish, it was found that isolated E. tarda strains were 
intermediate resistant to ampicillin but resistant to tetracycline (Xiao et al., 2008). Sun et 
al. (2009) found tetracycline resistance in their strains isolated from an epidemic-inflicted 
fish farm in China. Yu et al. (2012) found tetracycline resistance in the strains isolated 
from diseased Japanese flounder, but different from our study, they reported that the 
strains they tested were susceptible to ampicillin. 
Edwardsiellosis is often seen as an opportunistic infection, but it can cause 
bacteriological septicemias and losses in a wide variety of hosts, including both marine and 
freshwater fish species, invertebrates, amphibians, reptiles, birds and in many mammalian 
groups, including humans. Many bacterial pathogens isolated from diseased fish are also 
found in nature and even in the normal skin and intestine microbiota of fish (Austin and 
Austin, 2012). However, as with other animals, deviations beyond normal physiological 
limits make fish more susceptible to diseases, especially in captivity. The Edwardsiellosis 
caused by Edwardsiella tarda need for appropriate disease control and prevention 
measures. For this purpose, high water quality parameters, while ensuring proper stock 
density, and maintain proper hygiene and sanitation, keeping stress to minimum is 
important. In addition, as a finding observed in almost all isolates; this species has a 
general resistance to antibiotics that act against Gram-negative bacteria (Slaven et al., 
2001). Therefore, the administration of chemotherapeutic agents needs to be done in a 
controlled manner for E. tarda, a zoonotic species that also causes disease in humans and 
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